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ABSTRACT

We presenturrentandpossiblyfuturetechniquesor spatiallymultiplexedheterodyneecevers.Thepresen-
tationcomprisevariouswaysof multiplexing LO power, densearrangemenf mixerelementsn acryogenic
focal plane,manufcturingtechnique®f integratedopticsunitsfor reductionof opticaladjustmeneffort, and
describesanautomategrocedurdor tuningalarge numberof mixerelementsn shorttime.

INTRODUCTION

Millimeter andsubmillimeterobsenationsgenerallyrequireappropriateveatherconditions,mainly a very
low watervaporcontentwhich occursat a very cold atmosphereuchthat the absolutehumidity is low, at
certainepochsvhenthe evaporatiorfrom thegroundis low or athigh altitudeswheretheabsoluteairmasss
low. Sincethefar-IR—andSubmm-absorbingatervaporcontents oneof themostvariablequantitiesof our
atmospherén spaceandin time, all of theseoccasion®f goodobservingweatheraretransientphenomena
resultingin limited time windows for a particularsite. To improve the efficiency of groundbasedor airborne
telescop@bservingimeit is concevableto performmultiple obsenationsatthe sameime, requiringarrayed
receversin thefocal planeof telescopes.

In orderto design build andusearrayreceversfor millimeter andsubmillimeterradiationwe presenturrent
techniquedor variousaspect®f therecever system:In Sectionwe review waysto distributelocal oscillator
(LO) powerto the mixers,Section coversanintegratedfocal planepopulationconcepthatfacilitateseasy—
to—useconceptswith respectto manufcturing,assemblyand operation. In Section the integratedoptics
designapproachs discussedvith similar premisesasfor the focal planes. Finally Section describesour
approactat KOSMA for anautomateduningalgorithmfor mixer elements.

LOCAL OSCILLATOR MULTIPLEXERS

Variouswaysexist for multiplexing local oscillatorpower to a numberof mixersin afocal planesimultane-
ously Currentlyimplementedlesignsarereviewedbriefly in thefollowing. Main designconstraintcommon
to all local oscillatormultiplexing techniquess the power distribution efficiency. Goalis to distribute power
to thedesirechumberof beamsawvithoutmuchloss: In beamsplitterslosseshav up mainlyin absorptiorand
reflectionof afew percendueto finite refractionindices,in gratingslost power is scatteredway statistically
or appearsn higherunwantedorders.

Beamsplitter

Traditionallythe useof beamsplittersfor local oscillatormultiplexing is especiallyattractize for smallarrays.
As demonstratetly Pole STAR! (2x 2 810 GHz array)thetotal efficiency of the 2x 2 beamsplitter canreach
upto 72%. For smallarraysas2x 2 theefficiency of reflectve Fouriergratingsis comparableo thatof beam
splitters(seealsodiscussiorin Section).

Wave guide couplers

Operatindargearraysat lower frequeng allows supplyof LO power by wave guidecouplersdirectly to the
mixersin the focal plane. This approacthasbeenimplementedby the 230 GHz arrayrecever HERA? at
IRAM. At higherfrequenciesvave guidestructuredecomesver smallerandthusmoredifficult to manufc-
turewith sufficientsurfaceaccurag, increasingossessubstantiallyAn approacho overcometheseossesds
to suppl;ghefocal planewith low frequeng LO powerandmultiply it immediatelyat the focal planemixer
elements’
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Dammann gratings — Multile vel phasegratings

Dammanrgrating$ arebinaryphasegratingswhichintroducea phaseshift of 0 or A /2 throughouthewhole

gratingsurface.Multilevel phasegratingsoffer moreflexibility for multiplexing LO powerinto severalbeams
sincemoredegreesof freedomareavailable. Dependingon frequeng, materialandgeometricatonstraints
within the instrumentssteplevel gratingscanbe layedout astransmissie or reflective gratings. CHAMP

of the Max—Planck—Institutéor RadioastronomyMPIfR) makesuseof transmissie multilevel gratings to

split the LO sourceinto 8 beams.

Thesegratingsareusuallymanugcturedusingconventionalmilling techniquesGratingsfor 2D—dispersion
requirea chesshoardlike designwith someof the facets(e.g. the white ones)recessedDirect milling of
their sharpconcave cornerss impossiblethoughwith afinite sizeendmill. In practiceoftentwo 1D—grating
elementsvhich crossedlispersiordirectionsareemployed.

Fourier gratings

Increasingthe numberof levels in multilevel grat-
ingseventuallyconvergesinto agratingwith smooth ] ‘ ]
structure,a Fourier grating®  The effort of cal- _
culating the grating patternbecomessmall if the =
Fourietransfornformalismis appliedandthe sur 1
facestructures approximatedy afinite numberof  °|
Fourier components. Resultingsmoothstructures
can be usedin off-axis configurationand are eas-
ily machinedon a numericallycontrolledmill with
asphericakendmill. ; v o
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As mixer developmentadvanceso ever higherfre-
guencies|.O powerbecomescarceandgratingef-
ficienoy becomesanissue. Above thatfocal planes ™
will be populatedtwo—dimensionallywith mixers (right).

which implies splitting of LO power in bothfocal planedimensions.Thereforethe approacHor LO power
multiplexing involvessereraldesignconstraintghatarediscussedn thefollowing:

Figure 1: For STAR: Grating structue of the unit
cell (left) and the measued 2—4—2diffraction pattern

To maximizethe efficiency multilevel phasegratingsor Fourier grat-

ingsin reflectionarerequired.Sincethereis no way of usinga reflec-
tion gratingin normalincidencé without applicationof a beamsplit-

ter, the grating hasto be designedn off—axis geometry Shadeving

of multilevel gratingsin off—axis geometryand machineabilityissues
naturallyfavor Fouriergratings.

Sinceour integratedopticsapproachintendsto manufctureas mary
componentaspossiblein onemachiningcycle to reducecomplexity,
onemightaswell combinea Fouriergratingstructureandacollimating
Figure 22 SMARTS collimating parabold (seeFig. 2).

Fourier grating for 810 (left) and The efiiciency of multiplexing LO power into an arrayof LO beams
490GHz (right). scaleswith the numberof degreesof freedomfor shifting the phaseof
the radiation. The degreesof freedomthoughdependon the numberof beamsto split into. Thereforeat
largerbeamnumberghe efficiency of Fouriergratingsexceedgheonefor steplevel gratings.Measurements
shaw®? thatefficiencies> 90% canbeachieved.

POPULATING FOCAL PLANES

Sinceheterodynedetectionsystemsare not backgroundimited they do not Nyquist—-sampldocal planes.
Instead,precautionsaretaken to focusthe radiationof a point sourceentirely into one mixer to minimize
integrationtime. The goalis to maximizethe overlapintegral of thetwo radiationpatterndn thefocal plane:
Theoneof thetelescopepticsandthe oneof the mixer horn. Also to reducelosseswve lay outthe opticsas
purelyreflective.
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Mixer Block

Theaccuratearrangemendf mixer elementsn afocal planeis crucial
for the alignmentof the submmbeamson the sky. The mixer horns
have to bealignedwith respecto boththeopticalaxisandthefocusof
the system.To avoid adjustmengffort for alargernumberof elements

Mirrors

_ Focal Plane e haye madeuseof our CNC machiningcapabilitiesandmilled the

whole focal planeunit from one piece. Figure 3 shavs the unit with
all the referenceplanes. The actualfocal planeis sampledby facet
mirrors thatare milled into a facetmirror block. The brightly drawvn
blockscapturethe mixer hornsin high—precisiormachinedores,and
theseblocksaremountedagainsteferenceplanesonthefacettemirror
block.

Another integrated mixer conceptis proposedby Walker et al..!°
There,corrugatedeedhornstructuresarereadilyarrayedetchedn sil-
icon andthe beammatchingis achievzed by a lensletarrayin front of
thehorns.

Indiv.

OPTICS

Commonsetupscomprisea stiff benchwherethe optical elementsarebolteddown. Eachof the elements
thenhasto be adjustedwith translationor tip/tilt stagegor correctopticalalignment.

At KOSMA we developeda way to manufcturethe analogonto the

optical benchas mirror—symmetricplateswith referencesurfacesdi-
rectly milled ontoit. The achievableaccuray is ~ 2umandis gov-
ernedby the accuray of repeatedlyaccessing certaincoordinateon
our CNC milling machine. In the caseof SMART!! the optical ele- o} \oomsmar s o soon ]

mentsaresandwichedetweertheseplatesandneedno furtheradjust- = o o » “
ment. The resultof this designeffort is that assemblyand mounting

atthetelescopeaequireshardly moreeffort thanthat of a singlepixel Figure 4. Focal plane map of
recever. Figure4 shavs the goodalignmentof the beamsonthesky SMART at 810 GHz (solid) and
for thetwo frequenciegor SMART. 490 GHz (grey). Shownare con-

tours from5 to 95 % in 10% incre-

AUTOMATIC TUNING OF MIXERS ments.
Tuning a millimeter or submillimeterheterodynemixer elementre-

guiresseveral parameterso

be ascertaine@dnd set,dependingon the mixer type: biasvoltage,LO power

andfrequeng, magnetidield (for SIS mixers),andtheintermediatdrequeny (IF) attenuatosetting.

Figure5: Instrumentack of
SMART

For array recevers the hardware electronicslike bias—and magnetpower
supply IF processqar backends (acousto—opticalspectrometersor auto—
correlators) scalelinearly with the numberof focal plane elementsas does
thetuningeffort for the mixers.

However, emplgying a computercontrollablesystemfor addressinghe con-
trol circuits of the parametersnakes tuning life much easierand fast. At

KOSMA, we have put considerableeffort into streamliningand automating
thetuning of mixer elements-

The computercan measuresystemcharacteristicdik e 1/V— and corversion
curvesandthensetsthe tuning parameterso the optimumvalues. For some
parameterge.g. biasvoltage)look—uptablesare suficient to setthe values.
In the caseof the magneticfield however, the optimumvalue hasto be de-
terminedfrom the actualmeasurementsjsing a specialalgorithm (Fig. 6).

In a coarse—tuneoutineit evaluatesthe I/V—curve and finds the minimain

Josephsorurrentacrossthe mixer junction. The positionsof theseminima
arenotreproducibledueto hysteretidhehavior of thejunctions.After storing
the positionsof theseminimaa fine—tunealgorithmlooksfor well suitedlocal
minimain the conversioncurve andappliesthe parameterfound.



The systemcan also be tuned manually if de-
sired,to keepa certainparametefixed. For reli-
ability issuesmanualandcomputerinputjustin-
crementor decrementn internal counterwhich
Magnetic field scan storesthe parametersetting locally. A two-
(slow) B i
channeloscilloscopedisplaysthe selectedl/V—

Set Biaspoint

Precal-
culated magnetic
ield available2

| andcorversioncurve simultaneously
Calcul. i . .
Get next entry Adiust to one of the ot the i Since September2001 the SMART receier
in lookup tabl ic fi ; ; \
ooep e caloulated magnetic ields e e is operationalat KOSMA's 3m-—telescopeon
l Gornepgrat,Switzerland.
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Figure 6: Algorithm for automatictuning of mixer ele-
ments
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